Electrical Impedance Tomography (EIT) is investigated using measurements on simple resistive and capacitive models, and readily available biological objects. The INPHAZE is an impedance spectrometer developed to measure the impedance of thin films and layers but has been used in various applications. It is designed to operate with a Faraday cage test cell, however to assess its performance for EIT measurements we chose not to use the Faraday cage to allow direct comparison with other EIT devices which are not normally tested with or within such cages. We found that it is superior to the UCL mk2.5 EIT system on measurements of resistive models and biological objects; however it is significantly over 10x slower as with each measurement checked for stability and SNR. We suggest that the device may provide significant improvements for bio-impedance. However for EIT we suggest exploration of expansion to more channels and the effect of reducing measurement times.
1.
Introduction The purpose of this paper is to investigate the suitability of the INPHAZE impedance analyzer for bio impedance and Electrical Impedance Tomography EIT. The INPHAZE Impedance Spectrometer is a unique electrical impedance spectroscopy device developed at The University of Sydney. The INPHAZE device operates at level of accuracy that is orders of magnitude better than other impedance spectroscopy devices with impedance precision of 0.002% and phase resolution of 0.001degree over a large frequency range from 1mHz to 1MHz and impedance range of 0.1 to 10e10 Ohms [1] [2] [3] . The device performance was assessed in laboratory conditions using saline and simple resistive and capacitive models. The INPHAZE system consists of control panel software, Impedance Spectrometer Unit which yields high resolution impedance measurements, the amplifier unit which connects the signals between the Spectrometer Unit and the sample and the impedance analyzer software which is used to view the measurement data in a variety of plot types. Usually all measurements are conducted within a Faraday cage which houses the sample chamber. This is to prevent any noise/stray capacitance from having any effect in the measurement. However, in the investigations that we conducted, we excluded the Faraday cage to assess its performance for EIT.
2.

Materials and methods
The system was calibrated using a calibration wizard function in the control panel software, and this is used as the protocol file for any further measurements. Depending on the impedance of the sample that is to be measured, the calibration is performed by using simple resistors of the same resistance as both the sample to be measured and the standard. Preceding these measurements the current flowing through the electrodes was measured as 80µA RMS by measuring the voltage across a 1kOhm resistor connected between the electrodes. This current level is within the IEC60-601 safety regulations for frequencies 1kHz and above. One of the features of the INPHAZE Spectrometer System is the utilization of a set of high precision "Standards" to optimize the measurement accuracy. The "Standards" are used as the references for all of the measurement readings. Thus, for optimum results, the impedance of the installed "Standards" (Z_std) should be chosen as close as possible to the expected value of the "measured" impedance of the Sample (Z_sample), over the whole frequency range of interest (measurement frequencies). The circuitry of the "Standards" is comprised of a Parallel Resistor (//R), Parallel Capacitor (//C), and a Series Resistor (--R). However for an EIT system the need to multiplex different standards in for different electrode combinations is an additional burden that we tried to avoid by using a standard of 100 Ohm in all of the following experiments.
Simple Resistor
The system was initially calibrated using two 100 Ohm resistors, one as the sample and another as the standard. The resulting protocol file was used to measure the frequency response of resistors of values 10.003Ohm, 20.3Ohm, 31.3Ohm, 50.1Ohm, 59.4Ohm, 73.5Ohm. The experiment was performed over a frequency range of 10 Hz to 10MHz in steps of 1, over three spectra.
Contact Impedance Influence
The four terminal setup in Fig 1 was used to measure the contact impedance of a resistive sample. With the contact resistors R1, R2, R3 and R4 kept constant at 1k Ohm, resistors of values 100 Ohm, 73.5Ohm, 59.4Ohm, 50.1Ohm, and 38.9Ohm were used as the sample resistor. The experiment was performed over a frequency range of 10k Hz to 10MHz. 
Saline Solution
The impedance of various concentrations of salt solution was measured using the INPHAZE device by placing the salt solution in a 16 electrode cylindrical tank of 10cm diameter and connecting the I+ and V+ electrodes to two adjacent channels, and I-and V-electrodes to the diagonally opposite channels, a four terminal connection. Concentration of the salt solution was varied from 0.5g/L to 1g/L to 1.5g/L and for each concentration, the impedance was measured over a range of 10kHz to 10MHz.
Biological Object
The impedance of a simple biological material, a banana was measured by initially filling a plastic tube of 10 cm length and 2cm. At each end was a chloride silver disc electrode. All air bubbles were carefully eliminated. One end was permanently sealed, and the tube was filled with saline solution of 1g/L and the INPHAZE electrodes were connected to the tube, using a two terminal connection. This data was used to calibrate the measurements taken with banana. The measurement was then repeated by replacing a small quantity of the saline solution with a cylinder of banana of 1cm in diameter and 1.5 cm in length, followed by two pieces of banana of the same dimension, and then three. The measurement was taken over a frequency range of 20Hz to 1MHz.
Results
Simple resistor
The impedance vs. frequency response of all the simple resistors measured is shown in Fig 2   Fig 2: Plot of Impedance (Ohm m^2) vs. Frequency (Hz) for simple resistors.
Contact Impedance influence
The frequency response of the contact impedance influence measured using various resistor values for the sample resistor is shown in the plot in 
Discussion
Suitability of the INPHAZE impedance analyzer for bio impedance and EIT measurements has been demonstrated. It is robust to the presence of contact impedance and able to measure the impedance spectra of biological objects. As seen from the results, there seems to be an effect due to stray capacitance at frequencies above 100kHz, e.g. , a decrease by 6 % in the presence of a 1kOhm contact impedance with the 50.1Ohm resistor. However, this can be reduced to a great extent by using a Faraday cage. As for the measurement taken with biological objects, varying concentrations of banana showed noticeable change in the impedance measured over a range of frequency. The centre frequency
